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ABSTRACT

The effect of age and length of bamboo culms on sprouting of culm cuttings was studied in a
field experiment at the Oil Palm Research Institute (OPRI), Kusi. The study was conducted as a
factorial combination of four age groups (<6 months, 6 months to 1 year, 1 year to 2 years and 2
years to 3 years) and three lengths (1 node, 2 nodes and 3 nodes) of culm cuttings. The 12 treat-
ment combinations were laid out in a randomized complete block design and replicated three
times. The cuttings made from 1-2 years old culms bearing triple nodes produced significantly
(P<0.05) more number of shoot (146) than all the other age group — length of culm combina-
tions. The 1-2 years old culms were found to be superior to the other age groups and produced
69 shoots while 0, 29 and 20 shoots were produced by the less than 6 months old, 6 months to I
year old and 2 to 3 years old culms, respectively. Whereas only 6 and 24 shoots emerged from the
cuttings with single and double nodes, cuttings with triple nodes produced as many as 58 shoots.
The study recommends the use of culms cuttings with triple nodes made from I-2 years old
culms for rapid multiplication of bamboo stock.

INTRODUCTION conservation and thereby playing cssential role
Bamboo (Bambusa heterostachya) is a giant,  in environmental protection (Singh and Singh,
woody, tree-like grass which has a long history ~ 1999).

as a versatile and widely used renewable re-
source, In southeast Asia and sub-Saharan Af-
rica, bamboos provide construction materials
for shelter, tools and implements for agricul-
ture, pulp for paper, and materials for handi-
crafts, furniture, bags, baskets and plywood.
Besides these versatile uses, man, probably
from pre-agricultural times, used tender bam-
boo shoots for food. In addition, the extensive
shallow root system of bamboo makes it a use-
ful plant in watershed management and soil

Bamboo is a quick-growing and hardy species
occurring on a wide range of soil conditions
with particularly luxuriant growth on well
drained soils. As a perennial woody grass it is
known to be a good substitute for wood, conse-
quently proper management of bamboo re-
sources could contribute greatly towards affore-
station while meeting the great demands for
wood products. Bamboo production has con-
tributed immensely to the economic growth of
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countries in southeast Asia with vibrant bam-
boo industries. China for instance, earns some
1.5 billion US dollars annually from the export
of bamboo and bamboo products (Maoyi,
2005). Even though bamboo has enormous eco-
nomic and ecological benefits it remains a
lesser non-exportable forest resource which
could be exploited without any hindrance in
Ghana.

The most endearing aspect of bamboo as a raw

material is that it comes in a ‘ready-to-use’ -

form and so usually requires little processing. It
is therefore very appropriate that bamboo proc-
essing factories such as the Assin Fosu Bamboo
Company and others are springing up across
the country to harness bamboo into finished
products. To adequately feed these factories
and meet other demands, it is necessary to aug-
ment bamboo production by protecting natural
regeneration as well as raising plantations,

Irregular supply or lack of viable seeds for
many bamboo species has resulted in the con-
tinued dependence on vegetative propagation.
Koshy and Jee (2001) identified high pollen
sterility, absence of natural pollination and in-
hibition of pollen tubes in the stigma tissue to
be major factors accounting for lack of fruit set
in golden bamboo, Bambusa vulgaris. Various
methods of vegetative propagation like offset
planting, layering, macroproliferation, culm
and branch cuttings are used for the propaga-
tion of bamboos. Although these propagules
may be difficult to handle and transport due to
their bulky nature, refined techniques of vege-
tative propagation have been found to cut costs
of bamboo plantations (Banik, 1994).

The culm is the above ground stem which
grows from the underground rhizomes. It is
segmented with nodes that bear one or more
buds. Earlier reports ‘by Seethalakshmi et al.
(1988) and Gonzales et al. (1991) indicated that
rooting of culm cuttings could be induced by
using growth regulating substances such as
indoleacetic acid (IAA), indolebutyric acid
(IBA), naphthalene acetic acid (NAA) and cou-
marin.

The length and age of the culms used for cut-
tings together with environmental considera-
tions such as soil, temperature and moisture are
the most important factors affecting the sur-
vival and performance of propagules in the
field (Anon, 2003). Length of culm cuttings as
measured by the number of internodes, largely
affects the number of shoots emerging from the
propagules since bamboo plant propagated with
culm cuttings sprouts from physiologically vi-
able bud. Furthermore, age of culm greatly af-
fects the vigor of buds to produce new shoots.
Banik (1993) observed that cuttings from very
young culms decayed easily while very old’
cuttings failed to sprout due to loss of viability
of buds.

Except for homestead cultivation, bamboos
have rarely been planted on large scale in
Ghana, so, information on bamboo culms as
planting materials is lacking. In an effort to
bridge the information gap on bamboo propaga-
tion techniques, this study was conducted with
the general objective of identifying the most
appropriate culm cuttings for rapid multiplica-
tion of bamboo stock. The specific objective
was to determine the effect of age of culms and
length of cuttings on sprouting of bamboo to
identify the optimum age and length of culm -
cuttings for propagation.

MATERIALS AND METHODS

Study Site

The experiment was set up at OPRI Kusi (06.00
N, 001.45 W). The soils of the experimental
field were derived from forest ochrosols occur-
ring on a gently slopping topography. The Soils
of the Nzema series occurred in the upper to
middle slope and colluvial soils of the Kokofu
series on the lower parts (Asiamah and Senayah
1991). Prior to the establishment of the experi-
ment the area was cropped with maize.

Experimental design and treatments

The experimental treatments consisted of facto-
rial combinations of four age groups of culms
(less than 6 month, 6 month — | year, | — 2
years, and 2 — 3 years) with three lengths of
culm cuttings (1 node, 2 nodes and 3 nodes) in
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a randomized complete block design. The treat-
ments were replicated three times. Cuttings
were planted horizontally at a depth of 5 cm on
raised bed. Each bed was 30 cm high and meas-
ured 0.8 m x 5.4 m. The cuttings were planted
20 cm from the edges of the beds and spaced at
20 cm within rows and 40 ¢cm between rows on
the beds. Fifty cuttings constituted a plot.

Determination of culms age

Clumps selected from bamboo plantation estab-
lished at OPRI for an earlier study were used to
produce propagules for this study. Red bands,
10 cm in width were made on the 7" internode
of all culms that emerged between July 2001
and June 2002 by painting these sections with
red indelible ink. Similarly, culms that emerged
from July 2002 ta June 2003, July 2003 to
January 2004 and February 2004 were identi-
fied by yellow, blue and black bands respec-
tively. All culms marked with colour bands
were harvested in June 2004.

Cultural practices

Fertilizer was applied as NPK 15:15:15 at 400
g/bed (333 kg/ha) which was broadcasted and
worked into the beds prior to planting of cut-
tings. The beds were copiously watered every
other day to keep the soil moist. Weeds were
hand-picked fortnightly from the beds.

Data collection and analysis

The impacts of the age of culms and the num-
ber of internodes on regeneration of bamboo
were evaluated in terms of sprouting of new
shoots over the six month duration of the ex-
periment. A cutting was considered sprouted
when the ‘leaf axis’ sheath appears above
ground. Emerged shoots were tagged and used
in estimating the number of sprouts on cumula-
tive basis. A cutting was considered dead if it
failed to emerge by end of the 6™ month after
planting (MAP) and showed no evidence of
sprouting at nodal region upon uprooting.

The tiller to cutting ratio, which is the number
of tillers (new shoots) developed by a cutting
was calculated by relating the total number
tillers on a plot to total number of cuttings
planted on a plot.

Data were analyzed statistically using the
analysis of variance procedure- of GenStat
(Release 4.2, Discovery Edition 2) following
checks for the normality of data and homogenc-
ity of variance. The means ot the various trcat-
ments were separated using a single degree of
freedom orthogonal contrast.

RESULTS

Shoot emergence was significantly (P<0.001)
affected by age of culms, number of nodes on
cuttings and their interactions. A positive
(P<0.001) interaction between number of nodes
and age of culms was found only when the
culms used as propagules were older than 6
months (Table 1). Thus, whereas culms less
than 6 months old could not produce any shoots
irrespective of the number ot nodes on the cut-
tings, the number of sprouts recorded in cach
age bracket increased with increasing number
of nodes (Table 1).

Triple nodes (N3) cuttings made from 1-2 years
old culms (A;) produced the largest number of
shoots (146 shoots/plot). Table 1 also indicates
that among the cuttings that sprouted, the lcast
number of shoots (6 shoots/plot) emerged from
2-3 years old cuttings with single node (A4N)).

Sprouting of the culms under 6 months old was
very poor as none of the 50 cuttings developed
any aerial shoots throughout the study. A num-
ber of these cuttings were uprooted and
checked for evidence of root formation but
most of them were found to be dead (Table 2
and Fig. 1).

The number of shoots emerging from 6 months
-1 year old cuttings rose steadily from 12
shoots/plot during the first month to 28 shoots/
plot after the 4" month. Compared to 2-3 years
old culms cuttings, the 6 months -1 year old
cuttings developed significantly (P < 0.05) lar-
ger number of new shoots during the last three
months (Fig. 1). On the whole, the 1-2 year old
cuttings produced larger (P < 0.001) number of
new shoots (69 shoots / plot) than other plant-
ing materials (Fig. 1).

Whereas a large number of the 6 months-1 year
old and 2-3 years old cuttings (21 and 30 cut-
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Table 1: The combined effect of culm age and length on bamboo sprouting (shoots / plot)

Treatments ' Months after planting
Age of culms Number of 1 3 3 4 5 6
(A) nodes/cutting (N)
< 6 months single 0 0 0 0 0 0
Y double 0 0 0 0 0 0
triple 0 0 - 0 0 0 0
6 months-1 year single 2 1f 8 9 9 9
double 7 15 20 21 22 22
triple 26 37 44 53 55 55
1-2 years single 5 7 7 7 7 7
double 23 25 277 44 49 52
triple 65 94 110 126 139 146
2-3 years single 5 6 6 6 6 6
double 11 14 19 20 22 22
triple 21 25 28 31 32 32
SE 2.1 2. 3.0 3.2 32S 5.0
LSD (5%) 8.0 6.2 8.6 9.2 10.4 14.7
CV (%) 34.6 19.0 22.6 20.6 21.6 29.7
F test and probabilities
Age (A) <.001 <001 <.001 <.001 <.001 <.001
Nodes (N) <.001 <001 <001l <.001 <.001 <.001
AxN <.001 <00l <001 <001 <001 <.001
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Figure 1: Effect of age of culms on sprouting of bamboo
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Figure 2: Effect of number of nodes on sprouting of bamboo

tings/plot respectively) failed to sprout, all the |
-2 years old cuttings sprouted with some devel-
oping multiple shoots as indicated by the tiller :

cutting ratio of 1.37 (Table 2).

The number of new shoots that emerged in-
creased exponentially with increasing number

of nodes. Cuttings with single nodes produced
the least number of new shoots while cuttings
with triple nodes developed the largest number
of new shoots throughout the study (Fig. 2).
The duration of shoot emergence corresponded
greatly to the number of nodes on the cuttings.

Table 2: Effect of age of culms on sprouting of cuttings at the end of the study

Age of culms (sl::o’tl: r;;'::o D“d(f/': ;tlngs Tiller : cutting
< 6 months (A,) 0.0 100 0.00
6 month-1 year (A;) 28.9 422 0.58
1-2 years (A;) 68.6 0 1.37
2-3 years (Ay) - 19.8 60.4 0.40
SE 2.90 5.80 0.06
CV (%) 29.7 320 29.7
F test and contrast probabilities

(A +A;) versus (A; +A,) <.001 <.001 <.001
A, versus A, <.001 <.001 <.001
A; versus A, <.001 <.001 <.001
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Table 3: Effect of length of culms on sprouting of cuttings at the end of the study

Length of cuttings No sprouts Dead cuttings : -
Jnodges / cutting)g (shootl; / plot) (%) : Thller: cutting
Single (N) D5 89.0 0.11
- Double (N,) 24.1 51.8 0.48
v Triple (N3) 58.3 0.0 1817
SE 2.5 5.0 0.05
CV (%) 29.7 32.0 29.7
F test and contrast probabilities
N, versus (N, +N3) <.001 <.001 <.001
- N, versus N; <.001 <.001 <,001

The single node cuttings attained the peak
shoot emergence (6 shoots/plot) by 3 MAP
whereas the double and triple node cuttings
attained their peak shoot emergence (24 and 58

shoot/plot respectively) at the 5 MAP and 6
MAP respectively.

Most of the single and double node cuttings (44
and 26 cuttings/plot respectively) failed to bear
any aerial shoot. On the contrary, all the triple
node cuttings sprouted with some developing
multiple shoots as indicated by the tiller : cut-
ting ratio of 1.2 (Table 3).

DISCUSSION

Proliferation of shoots from culms older that 6
months increased within each age group with
increasing number of nodes as depicted by the
significant (P < 0.05) interaction between age
and numbers of nodes. Our results indicated
that the largest number of shoots emerged from
triple node cuttings made from 1 — 2 years old
culms. This observation accords with Koshy
and Gopakumar (2005) assertion that culms
cuttings made of 2-3 nodes segments bearing
healthy buds are suitable for the propagation of
clump-forming bamboos when culms selected
are not older than 2 years.

Culms cuttings consisting of three nodes exhib-
ited a superior sprouting capacity of 100% as
opposed to the 48% and 11% obtained from
culms cuttings with double and single nodes
respectively. The observed positive correlation

between the number of nodes and sprouting
capacity could be attributed to the presence of
bud from which new shoots sprout. In addition,
the nodal diaphragm preserves the viability of
the bud by supplying it with water and nourish-
ment (Liese, 1985). The excellent sprouting of
the culms cuttings with triple nodes recorded in
this study confirms the results obtained by
Vivekanandan (1987) in a related study on
Bambusa heterostachya. On the contrary, Bu-
malong and Tamolang (1980) working on Bam:-
busa tulda Roxb found the emergence of shoots
from cuttings with single nede to be compara-
ble to those with double and triple nodes. The
differences in the species used for these studics
(heterostachya and tulda respectively) may
account for the discrepancy in these results.

The shriveling and decaying of cuttings less
than 6 months old could be attributed to the
high moisture and starch content, Fangchum
(2000) and the absence of lignin in their epider-
mal and hypodermal cells (Lybeer et al., 2006).
Lin et al. (2002) studying lignin heterogeneity
among the various age classes of bamboo found
a steady increase in lignin deposition from |*
year up to 7 years after establishment. Conse-
quently, the observed improvement in emer-
gence of shoot (58%) from 6 months to 1 year
old culms relates to the lignifications of these
culms upon aging, which improved their resis-
tance to decay. In addition, thickening and

.hardening of the nodal diaphragm associated
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with the maturation process enhanced the vi-
ability of the buds.

Clearly, the optimum age range of bamboo
culms cuttings suited for propagation was 1 to 2
years as shown by the 100% sprouting. In addi-
tion, some of these cuttings developed multiple
shoots as indicated by the tiller to cuttings ratio
of 1.4. This observation supports the assertion
by several authors (Varmah and Bahadur, 1981;
Banik, 1995; Boontawee, 1988 and Anon,
2003) that one-to two-year old culms cuttings
are good propagules as they have active and
vigorous buds capable of producing new
shoots.

The finding that shooting capacity declined to
40% when culms used as cutting were 2 to 3
years old is consonant with Banik’s (1984) re-
port that shoot emergence diminished when
culms cuttings are older than two years. Anon
(2003) identified loss of viability of buds to be
the main factor accounting for the reduced
shooting capacity in older culms. Banik (1980)
on the other hand, emphasized that for a bam-
boo shoot to emerge the propagule must de-
velop the culm, rhizome and root. Failure to
develop any of these structures leads to deterio-
ration. He further enumerated slowness of buds
to break dormancy and meager development of
roots to be typical problems associated with
culms aged 3 years or more. Even though it is
undisputable that the age of culms used for
cuttings is a major determinant for successful
sprouting, it is extremely difficult to ascertain
the exact age of bamboo culms unless they
have been properly marked during their emer-
gence. However, certain diagnostic morpho-
logical characters like colour and presence or
absence of leaf sheath, number of leaf scars and
branching pattern make it easier to estimate
age. The young culms are greener while the
leaf sheaths are still present (Anon, 1990). Ear-
lier report by McClure (1966) indicated that a
year-old culm has no leaf scars, a 2-year-old
culm has one leaf scar and a 3-year-old is char-
acterized by two leaf scars.

In sum, 1- 2 years old culms cuttings bearing 3
nodes is the most effective propagation material

for rapid multiplication of bamboo stock.

-CONCLUSION

In conclusion, the biological parameters consid-
ered in this study have shown that Bambusa
heterostachya can be propagated by culm cut-
tings. For excellent shoot emergence and quick
regeneration of bamboo however, the culms
used should be 1- 2 years old and be cut into at
least 3 nodes units.
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